of different prawn shell extractions on common pathogenic bacteria.
Materials and MethOds

Collection of prawn shell (Macrobrachium nipponense)
Prawns were collected in summer 2014 from Anzali wetlands in southern coast of Caspian Sea and transferred to tanks containing sea water with aerator in the biology laboratory (Lahijan Branch, Islamic Azad University). To complete anesthesia, temperature was set to zero degree. Afterward, the shells were removed from whole bodies and washed with distilled water. The removed shells were freeze-dried and grind to dried powder. [14] Preparation of extracts of prawn shell (Macrobrachium nipponense)
To prepare different extractions, 5 g of prawn powder dissolved in 150 ml of different solvents (75% of hydroalcoholic, acetone, and methanol) and were incubated for 48 h in a dark place. Then, they were filtered through filter paper. [15, 16] The solvents were evaporated by the lyophilizator and the obtained powders were weighed. Next, the consideration dose (2 mg/ml) of each extract was prepared using saline to resulting suspension. 8 CFU/ml) were prepared.
Preparation of the bacteria test microorganisms
In vitro antibacterial activities of different extracts of prawn shells were evaluated against five microbial stains using the well-agar diffusion method. [15, 17] Stock cultures were added to Muller-Hinton broth on the day before experiment and incubated for 24 h at 37°C. Different cultures of pathogenic bacteria were swabbed on the Muller-Hinton agar plates. Further, the filter paper discs (6 mm diameter) were impregnated with exact amounts of each extract. Standard antibiotic disks Gentamicin 10 and Erythromycin (Iran Daru Company) were used as the positive control.
The plates were incubated at 37°C for 24 h. Afterward, the inhibition zones formed on the media were measured. [15] The positive antimicrobial activities were recorded based on the growth inhibition zone. All inhibition assays and controls were carried out in triplicate.
Data analysis
All data were expressed as mean ± standard deviation (SD), and statistical analyses were performed with the SPSS 17 software package (SPSS Inc., Chicago, USA). The significance of the results was tested by an analysis of variance and Duncan's multiple range test. The significance of differences was defined at P < 0.05. The greatest action among different extracts was observed in V. cholerae and S. aureus. The hydroalcoholic extract was shown for the highest antibacterial activity against S. aureus than the other extracts [ Figure 1] , and all the extracts revealed significant action more than erythromycin (P < 0.05).
The maximum zone of inhibition (8.11 ± 0.21 mm) was exhibited against Ecoli in 1000 µg of the hydroalcoholic extract [ Figure 2 ]. There was no antibacterial effect in the methanolic extract. There was a significant difference between different extracts against E. coli.
In K. pneumoniae, the greatest antibacterial effect appeared in hydroalcoholic and acetone extracts with 100 mg/ml of concentration. The methanolic extract did not show any antibacterial effect. The effects of hydroalcoholic and acetone extracts against K. pneumoniae were less than those of the gentamicin antibiotic and more than erythromycin [ Figure 3 ].
The highest antibacterial effect in B. subtilis was related to hydroalcoholic and acetone extracts having zone of inhibition 11.25 ± 0.18 mm (at dose 500) and 12.12 ± 0.32 mm (at dose 1000) in hydroalcoholic and acetone, respectively [ Figure 4 ]. Different extracts significantly showed various antibacterial effects against B. subtilis (P < 0.05).
The significant activity of the hydroalcoholic extract was observed against V. cholerae having zone of inhibition 12.35 ± 0.27 mm at a dose of 1000 mg/ml, while the metanolic extract did not show any antibacterial effect [ Figure 5 ]. Different extracts exhibit significant differences against V. cholerae (P < 0.05).
discussiOn
Recently, there was more attention to natural products and their application in pharmaceutical. The crustacean has been considered as a good source for bioactive substances among invertebrates. [15, 16] The results of the present study indicated that prawn shell extracts are more active against Gram-positive bacteria than Gram-negative bacteria.
The different extracts from Macrobrachium nipponense exhibited antibacterial activity against pathogenic bacteria as depicted in Figures 1-5 . Among these strains, B. subtilis, S. aureus, and V. cholerae show the maximum zone of inhibition (12.12 mm, 12.51 mm, and 12.35 mm), respectively. Our results are comparable with the extracted chitosan from some crustacean shells. [16] [17] [18] [19] [20] The zone of inhibition for the bactericidal effect of the ethanolic extract of crab shell against S. aureus and E. coli was reported about 13 mm and 10 mm at a concentration of 1000 µg/ml, respectively. [17, 19] However, there was no activity of crab shell (Portunus sanguinolentus) extract found against S. aureus. [18, 20] Liu [19] demonstrated that antibacterial action of extracted chitosan in both Gram-negative bacteria and Gram-positive were effective, But it was more effective against gram-negative bacteria than Gram-positive. The antibacterial effects of chitosan and shell extracts on Gram-positive and Gram-negative bacteria are rather contradictory. [21] [22] [23] [24] some studies reported that chitosan has more powerful effects on Gram-positive bacteria rather than on Gram-negatives, while others believe that high hydrophilic, which is observed in negative gram bacteria, make them more permeable than Gram-positives. [14, 17, 21] It could be suggested that antimicrobial sensitively to chitosan can be related to the type of pathogenic organism and molecular weight of this polysaccharide. [22, 23] Hydrophilic solvents such as hydroalcoholic and acetone were more effective than nonpolar solvents (methanol), and the highest bacterial sensitivity was observed in the hydroalcoholic extract. Therefore, the better solubility of the active substances may be better soluble in polar solvents. [17, 18, 23] Two mechanisms are probably involved in the antibacterial activity of prawn shells. First, the interaction of amino acid groups of prawn shells with cell surface components of bacteria, thus inhibiting their growth; and second, blocking the DNA replication by absorbing chitosan occurred. [13, 24, 25] It seems that in the present study, the greatest antibacterial effects of hydroalcoholic and acetone solvents, rather than methanol, on Gram-negative bacteria can be due to the solvents' polarity. As a chitosan has polycationic structure (pH <7), it destructs the bacteria membrane. The proton releasing from the amine group of shell can interact with the negative charge of the cell surface. This leads to the destruction of the bacterial cell and determines the potential of antibacterial activity. [13, 15, 26] 
cOnclusiOns
The type of solvent can be involved in antibacterial effects in such a way that the hydroalcoholic extract of prawn shells is the most active extract against Gram-positive bacteria and even Gram-negative bacteria. The bactericidal of prawn shell extracts against pathogenic bacteria can be considered as an alternative therapeutic agent.
